The aim of this study was to investigate the effects of self-talk on motor learning in beginners. The learning task was the forehand stroke in tennis. Eighty-four students were assigned into five self-talk groups and one control group. One of the self-talk groups used four cues for directing attention to key elements of the forehand stroke. The other self-talk groups made use of only one of the four cues (ball, bounce, hit, and ready), and the control group received only general instructions. In the acquisition phase, all groups performed 180 trials over three days. Then they performed a transfer test of 10 trials involving a change in the target direction. After five days they performed a retention test in the same conditions of the acquisition phase. The performance was analysed in terms of rates of success and consistency of the forehand hit to the target located on the opponent's court. Results showed that all groups improved their performances in the acquisition phase, and that they maintained the improvement in the retention and transfer tests. However, no differences were found between the groups. It was concluded that self-talk did not affect the learning of forehand stroke in tennis. In addition, learning with self-talk with four cues was similar to that with selftalk with only one cue.
Introduction
People talk out loud to themselves all the time. For instance, they do this in order to express a concern when performing a motor task (e.g. I won't get it), as a motivation in performing it (e.g. I can), or to pay attention on a task's relevant information. This phenomenon of verbalizing to oneself words or short and concise phrases has been named self-talk.
In the last few years, self-talk has been recognized in the field of sports as a useful strategy for promoting an increase in motivation (self-encouragement, self-confidence, and coping) and attentional focus (mental readiness, arousal regulation, information processing) (Hardy, Hall, & Hardy, 2004; Hatzigeorgiadis, Theodorkis, & Zourbanos, 2004 Weinberg, Miller, & Horn, 2012; Zervas, Stavrou, & Psychountaki, 2007; Zourbanos, Theodorakis, & Hatzigeorgiadis, 2006) . Such selftalk benefits have been considered in terms of two main categories: motivational and instructional. The motivational self-talk would contribute to neutralizing and inhibiting anxiety at execution time. On the other hand, of concern in this study, the instructional self-talk would either help an individual to focus on a relevant information regarding the execution of a motor task or not to repeat mistakes of the past (Burton, Gillham, & Glenn, 2011; Hardy, 2006; Hatzigeorgiadis, et al., 2011; Theodorakis, Weinberg, Natsis-Douma, & Kazakas, 2000; Zervas, et al., 2007) . Importantly, the aforementioned self-talk effects are closely related to another self-talk category, namely, valence. Accordingly, self-talk may be categorized as both positive and negative. Positive self-talk involves an encouraging or positive voice tone, and the tone of the negative self-talk reflects anger, frustration, or discouragement (Van Raalte, Vincent, & Brewer, 2016) .
These dimensions have been the foci of a number of studies (e.g. Hatzigeorgiadis, et al., 2004; Weinberg, et al., 2012) . For instance, Hatzigeorgiadis et al. (2004) investigated the effects of self-talk as instructional and motivational strate-gies on disturbing thoughts and on performance of two types of water polo throwing: at a target (exp. 1) and for a distance (exp. 2). Individuals were assigned into three groups: (1) instructional self-talk, with the "ball-targetˮ cue, (2) motivational self-talk, saying, "I canˮ, and (3) control. All groups performed a pre-test without self-talk and, after two weeks, groups 1 and 2 performed a re-test with self-talk. The results have shown that groups using self-talk had lower interference of irrelevant thoughts to the task by increasing concentration, based on a comparison to the control group. Interestingly, superior performance was also verified for the groups that used the instructional self-talk.
Although these results provided some support for the beneficial effects of self-talk, they have not been extended to a variety of tasks, considering its specificity. In fact, the literature has shown that self-talk affects fine motor skills more than gross motor skills, as was the case in the study by Hatzigeorgiadis et al. (2011) study. Fine motor skills are those that demand precision in movement and involve small muscle groups. On the other hand, gross motor skills require the use of relatively large musculature in producing a movement. They typically involve many muscle groups and, frequently, movement of the entire body (Edwards, 2010) .
Another important finding from the selftalk literature is that it also affects the "learning process" of motor skills. Specifically, it has been suggested that self-talk has effects mainly on the early stages of learning (Cutton & Landin, 2007; Hatzigeorgiadis, et al., 2011; Landin, 1994; Zervas, et al., 2007) . In fact, one could say that the seminal study on self-talk in the field of sports was related to motor skill learning. Ziegler (1987) investigated the use of self-talk on the learning of forehand and backhand of field tennis. In this study, the instructional self-talk referred to cues for directing attention to critical points of the motor skills. The research was carried out within a tennis initiation programme and had two practice sessions by week for 10 weeks. Novice college students took part in the experiment and were assigned into three groups differing among thenselves with regard to the moment in which self-talks were entered during practice. Four cues were used. Cue 1 oriented the learner to identifying the stimulus, so he/she should say the word "ballˮ to detect the moment in which the ball was thrown by a launcher machine. Cue 2 guided the player's attention to tracking the stimulus, and the word "bounce ˮwas verbalized during the contact of the ball with the floor, helping the player to select the appropriate response. The word "hit ˮdirected the player's attention to paddle contact with the ball, specifically to the programming of a response (cue 3). After the execution of hitting, the participant said the word "readyˮ to direct attention to the starting point (cue 4). The results pointed to the performance improvement after inserting the selftalk cues and, interestingly, this occurred despite the absence of teacher's feedback.
Nevertheless, in spite of the existing evidences, the self-talk benefits are not without their criticism, especially with respect to motor skill learning. This is because most of the studies present serious methodological limitations for advancing the specific knowledge; that is, not all of them have used retention and transfer tests in their experimental designs (e.g. Cutton & Landin, 2007; Ziegler, 1987) . The lack of such tests does not allow the generalization of findings to the learning of motor skills; namely, the tests function to separate the temporary effects of performance from those that promote to permanent learning (Edwards, 2010; Magill, 2010; Schmidt & Lee, 2011 , Singer, 1980 . To put it in another way, the fact that few studies involving tasks and learners with distinct characteristics have used learning tests (e.g. Zetou, Vernadakis, Bebetsos, & Makraki, 2012; Zetou, Vernadakis, & Bebetsos, 2014a; Zetou, Vernadakis, Bebetsos, & Liadakis, 2014b) raises the need of further investigation in order to add consistency to this scientific knowledge.
Additionally, one could question the amount of self-talk cues provided to the beginning learners. Learners at an early stage of learning are unable to select the critical information for performing a motor skill with success, or to deal with two or more pieces of information at the same time (Denardi & Corrêa, 2013; Magill, 2010; Pasetto, Araújo, & Corrêa, 2006; Schmidt & Lee, 2011) . Based on this statement, it appears reasonable to suppose that selftalk cues can help learners to focus their attention on necessary information (Cutton & Landin, 2007; Hatzigeorgiadis, et al., 2011; Landin, 1994; Zervas, et al., 2007; Ziegler, 1987) . Even more, self-talk cue could be seen as an individualized strategy of selective attention (Landin, 1994) . However, these same learners' characteristics allow one to hypothesize that providing a large amount of sequential self-talk during performance (e.g. Cutton & Landin, 2007; Ziegler, 1987) could mean an overload of information for the learner to process and, therefore, have a negative effect on motor learning. In other words, if the amount of information is large, the reserve of central resources for attention can be exceeded and the system might collapse (Kahnemam, 1973) . Hence, the present study aimed to investigate the following specific questions: Would the effects of self-talk on beginners' performance be confirmed in learning tests? and Would providing several selftalk cues to the beginning learners overload their attentional capability? We hypothesized that (i) the practice with self-talk would lead to better learning than that without self-talk, and (ii) self-talk with only one aspect of the task would lead to the improved learning as compared to self-talk with several cues.
Methods

Participants
Volunteer college students, both male (n=48) and female (n=36), of an average age of 24.69 years (±3.97), took part in this experiment. Participation required the learner's written consent. The study was approved by the Institutional Review Board for the protection of human subjects. The inclusion criteria were that the participants have not had any involvement with systematic practice of tennis, as well as experience with the practice of any other racquet sport.
Task and equipment
The forehand of the field/court tennis was used as the learning task. This motor skill made it possible for us to place the attentional focus and to track sequential components of performance (selftalked). For this reason, this motor skill has been used in studies of self-talk (Cutton & Landin, 2007; Ziegler, 1987) . The task consisted of hitting a ball according to specificity of the verbalized cue, similarly to those used in the Ziegler's (1987) seminal study. They were the words "ball", "bounce", "hit", and "ready".
The word "ball" was verbalized in order to direct the learner's attention to the ball fired from the machine ("ball" group). "Bounce" was said to direct the player's attention to the contact of the ball with the floor ("bounce" group). To focus attention on the ball contacting the racquet, the learners verbalized the word "hit" ("hit" group). Finally, the learners said "ready" to prompt them to receive the next ball ("ready" group). Similar to the Ziegler's (1987) study, each self-talk cue had a specific function, that is, to direct the learner's attention to a specific component/dimension of the task. While the word "ball" oriented the learner to identifying the stimulus, specifically to the moment the ball was thrown by a launcher machine, the cue "bounce" guided his/her attention to tracking the stimulus and, consequently, helped him/her to select the appropriate response. The cue "hit" directed the learner's attention to paddle contact with the ball and, therefore, to the programming of a response. Finally, the learner verbalized "ready" to direct attention to the starting point, preparing him/her for the next trial. The two other groups were the "whole" group, in which the learners verbalized each of the cited words according to their requirements (ball -bounce -hit -ready), and the "control" group, which did not use self-talk.
The study included three phases: acquisition, transfer and retention. The acquisition phase consisted of 180 trials divided into three blocks of twenty trials per day. The interval between trials was five seconds, and the interval between blocks was three minutes. The frequency of self-talk was 100%.
Before starting each block of trials, all groups received general instructions in order to understand the forehand skill and the task goal. The information was standardized and provided through verbal instruction and demonstration, as follows: "Take the racket as if to greet it. Keep your feet parallel and the head of the racket above your wrist line. The foot opposite to the hand that is holding the racquet must stay in front, with the body in lateral position". After hearing these instructions, the learners watched a 40-second video containing images of a player performing the task. Furthermore, before starting the blocks of trials, participants had the opportunity to perform three hits to acquaint themselves with the task.
An experimenter was positioned between a learner and the target in order to verify if the learner talked as he/she had been instructed and to record his/her performance. Learners were asked 
Design and procedures
Participants were randomly distributed into six groups (n=14). The self-talk groups were formed and homogeneity of variance. For all analyses the level of significance was set at p<.05, using STATI-STICA® 12.0 software (Stat Soft Inc., Tulsa, USA). Figure 2 illustrates the average rate of successful performances for each experimental group in the acquisition phase (first and last block), and in the transfer and retention tests. It can be seen that all groups presented an improvement in performance related to the acquisition phase and the maintenance of the achieved levels in the learning tests. In all, the Friedman ANOVAs confirmed these observations: ball ( 
Results
Performance success rate
01). The Wilcoxon test pointed out
that for all groups the rate of performance success in the first acquisition block was inferior to the other blocks (p<.01). It was also verified that in the retention test, the hit group had a lower rate of success than in the last acquisition and transfer blocks (p<.05). In addition, the ready and control groups had lower success rates in the transfer test than in the last acquisition block (p<.05).
to perform self-talks loudly. The experimenter informed them when an omission occurred or the speech was not loud enough. This procedure was necessary because the mandatory self-talk caused some discomfort in learners, omission or error in verbalizing, in particular in the first block of trials. In the following blocks, there was a reduction of the dissatisfaction, as if self-talk had become automated according to participants' reports. This discomfort was greater in the group using the four cues and lower in the group that used the hit cue. Interestingly, even when the learner did not run the selftalk (transfer/retention tests), the group "hit" kept making use of the strategy.
The transfer test was applied on the last day of the acquisition phase, after the ten-minute interval. This test involved 10 trials in a situation in which the target was positioned parallel to the learner. The retention test was carried out five days after the acquisition phase and under the same conditions.
It is important to highlight that the variables manipulated in this method were tested previously in pilot studies.
Statistical analysis
Data were recorded according to the success of performance (hitting the target). They were analysed in relation to rates of success and consistency of performance in the first and last acquisition blocks, and in the transfer and retention blocks. The rate of success was calculated by the following equation: TxS=(nS / nTt) x 100, where TxS was the rate of success, nS referred to the number of successful performances, and nTt was the number of trials. The rate of consistency of performance was computed by calculating CV=s/m, where CV was the rate of variability, s referred to the standard deviation, and m was the arithmetic mean.
To consider the effects of self-talk on learning, Friedman ANOVAs were run on the data from each group in order to verify intra-group differences, and the Kruskall-Wallis test was used for comparisons between the groups in the four blocks of trials (the first and last acquisition, and transfer and retention tests). These blocks of trials allowed us to assess changes in performance from the beginning to the end of the practice, and to assess the permanent and generalizable effects of the learning. In order to diminish the chance of the type I error occurrence, the Bonferroni procedure was applied to each Friedman ANOVA. The observed significant effects were followed up using Wilcoxon and MannWhitney U tests. These analyses were based on Shapiro-Wilk's W and Bartlett's tests of normality (ball, bounce, hit, ready, and whole) and control groups, in the first and last acquisition blocks (FirstAcq and LastAcq, respectively) and in the transfer and retention tests.
Concerning the inter-group analyses, a Kruskall-Wallis ANOVA showed no significant differences between the groups in all blocks of trials: first acquisition block (H(5, n=84)=0.37, p>.05), last acquisition (H(5, n=84)=8.18, p>.05), transfer (H(5, n=84)=5.15, p>.05), and retention (H(5, n=84)=0.94, p>.05). Figure 3 illustrates the average of the rate of variability of performance for each experimental group in the acquisition phase (first and last block), and in the transfer and retention tests. Similar to previous studies, all groups seemed to present an improvement in performance related to the acquisition phase and the maintenance of the achieved levels in the learning tests. .00, p<.01). With the exception of the control group, the Wilcoxon test pointed out that for the remaining groups the rate of variability of performance in the first acquisition block was higher than in the other blocks (p<.01). It was also verified that in the transfer and retention tests the ready group had a higher rate of variability than in the last acquisition block (p<.05). Finally, in the control group the rate of variability diminished only from the first to the last acquisition block (p<.05).
Performance consistency rate
Concerning the inter-group analyses, a Kruskall-Wallis ANOVA showed no significant differences between the groups in all blocks of trials: first acquisition block (H(5, n=77)=1.41, p>.05), last acquisition (H(5, n=84)=8.18, p>.05), transfer (H(5, n=84)=5.15, p>.05), and retention (H(5, n=84)=5.15, p>.05).
acquisition phase and maintained their improvement throughout the learning tests. Beginner learners who practised with either one, four, or without self-talk cue did not differ in performance in the retention and transfer tests. In addition, the results did not give support to the hypothesis that practice with self-talk would be more effective than that without self-talk (Hatzigeorgiadis, et al., 2004 (Hatzigeorgiadis, et al., , 2011 .
These results were explained based on the two main explanatory hypotheses. First, one might argue that beginners have informational needs other than those proposed to be supplied by the self-talk: directing attention to relevant aspects of the task and decreased attentional overload. It is well known that there was a negative correlation between practice and the requirements of attention (Schneider & Shiffrin, 1977) . Nevertheless, participants in the present experiment had no previous experience with the task. Considering this, general instructions given to all groups appear to have been sufficient for learning, but not to be complemented with the specific self-talks. This idea is supported by the results of Denardi and Corrêa (2013) who investigated the learning of pirouette in ballet through instruction with an emphasis on specific cues. They found no difference between their cue groups and the control group, which received only general instructions for the task.
Furthermore, in spite of learners having become familiar with the task before starting the systematic practice, the specific information conveyed to participants in the form of self-talk may have been provided at a moment in which a learner needed more information about the general idea of the motor action or about the interaction of its components. Specifically, the main models of learning stages point to a need for the beginning learners to understand general rather than specific aspects of the task in the early stages of learning (e.g. Adams, 1971; Fitts & Posner, 1967; Gentile, 1972) . At this stage, they strive to identify the task's goal and to understand general notions concerning the movement pattern in order to elaborate an action plan (Magill, 2010) . Thus, our results do not support those of previous studies indicating that self-talk would mainly benefit the acquisition of motor skills in the early stages of learning (Cutton & Landin, 2007; Hatzigeorgiadis, et al., 2011; Landin, 1994; Zervas, et al., 2007) . In fact, it is important to highlight that the study showing benefits of self-talk on retention of motor learning did not involve beginning learners (Zetou, et al., 2012) , which supports our findings. In the previous study, subjects with two years of experience practised the volleyball service skill. self-talk (ball, bounce, hit, ready, and whole) and control groups, in the first and last acquisition blocks (FirstAcq and LastAcq, respectively) and in the transfer and retention tests.
Discussion and conclusions
The results of this study did not provide support for our hypotheses since all groups learned similarly, that is, they improved their performances during the Second, self-talk may have no effect on learning. As we mentioned, although self-talk literature points to the effects on learning, studies have not consistently considered retention and/or transfer tests in their experimental designs. Retention and transfer tests function to separate the temporary effects of an independent variable (e.g. self-talk) on performance from the permanent and generalizable effects of learning (Schmidt & Lee, 2011) . Specifically, retention is a complementary process to forgetfulness. It concerns the preservation of knowledge or information, and forgetfulness to the loss of memory (Singer, 1980) . A person would be unable to learn if he/she could not retain what he/ she had learned. Retention can be defined as the persistence of proficiency in a motor skill after a period without practicing it (Fischman, Christina, & Vercruyssen, 1982) . On the other hand, transfer involves the application of learning a particular task or situation, on the performance of some other task identified as a criterion task (Schmidt & Lee, 2011) . Transfer involves generalization, and can be defined as the influence of previous learning on the performance of new skills (Fischman, et al., 1982) . To put it in another way, transfer arises every time learners practice a version of a given task with the idea that the learning achieved will be useful in some other version of the task (Santos, Bastos, Souza, & Corrêa, 2014) . Finally, based on these statements and the fact that no difference between the experimental groups was observed in retention and transfer tests, it is possible to think that the self-talk did not supply the learning with additional positive effect. This conclusion opens a new window for interpreting the self-talk effects in contexts of motor skills.
Interestingly, maybe this conclusion can be extended to beyond motor learning. This is because, independently of learning tests, recent studies have shown similar effects of different kinds of self-talk on performance. For instance, Weinberg et al. (2012) investigated effectiveness of interaction between type and control of self-talk on one-mile run performance. Specifically, they combined the instructional, motivational, and instructional-motivational self-talks with the assigned and self-controlled selftalks. The results have shown no significant differences between groups in the post-test. Similar to our study, they have only shown improvement in performance from pre-to post-test.
Recently, Van Raalte and colleagues (2016) have proposed a useful model for investigating and advancing the comprehension of the self-talk phenomenon. Their sport-specific model of self-talk describes the interaction of self-talk with personal and situational factors, systems 1 and 2, and behaviour. Personal factors involve the individual stylus, personal preferences and personality traits. Task characteristics and social/contextual circumstances are related to situational factors. Systems 1 and 2 involve, respectively, affect, motivation, and anxiety, and cognitive mechanisms and processes. Finally, the behaviour involves those intentional and observable specific actions (e.g. sport-specific motor skills). According to this model, system 2 is the main component responsible for information processing involved in the self-talk, and for directing attention and consequent enhancement of performance. An important feature of this system is that it has limited resource/capacity, and therefore, might become dysfunctional because of overuse or excessive effort. Based on this statement, the sportspecifc model of self-talk could support our findings that too many cues could lead to attentional overload due to exhaust of system 2.
In summary, the findings of this study allow us to conclude that the practice of tennis forehand with and without self-talk had similar effects on the beginners' learning. Additionally, the self-talk of four cues led to similar learning compared to the self-talk of only one cue. It is important to highlight that self-talk did not hinder learning the motor skill, as it was observed for all self-talk groups. However, for future studies, we suggest that the self-talk cues be tested by inserting them during the associative phase of learning, when the learner has already acquired the movement idea, that is, after an "extended baseline". Furthermore, although the rate of success we used allowed us to access motor learning, it was calculated based on hitting the target. Thus, future studies could explore other performance measures (e.g. radial error) as complementary measures.
